Section 7 : Plan Formulation and Evaluation

SECTION 7
PLAN FORMULATION AND EVALUATION

The purpose of this Section is to explain the process, called plan formulation,
used in the Restudy to develop and evaluate alternative plans. This process
involved the development of potential solutions to the water resource problems and

the evaluations used to select the Comprehensive Plan. The iterative planning

process followed during the Restudy is fully presented in this Section. In being so
transparent and thorough, this Section presents information about planning
iterations that is not typically found in a Corps feasibility report. While the process
of following several progressive and comparative iterations is not unusual in water
resources planning, it may be unusual to find it so rigorously documented. It would
be more likely to find a simple presentation of the final array of alternatives (see
Section 7.5), with only a brief overview of the iterations that led to that array. In
presenting all of the iterations, the Restudy has fully disclosed the decision making
process that led to the recommended plan. Such full disclosure may carry the price
of some confusion when it so clearly shows that the basis for making decisions
continue to change with each iteration.

7.1 PLAN FORMULATION AND EVALUATION METHODOLOGY

-Plan formulation is a repetitive, or iterative, process of identifying
alternative plans that achieve a set of planning objectives and allows those plans to
be modified as more information becomes available. Each subsequent iteration of
this process provides an opportunity to refine and sharpen the planning focus. Key
steps in formulating the alternative plans are shown in Figure 7-1.

This plan formulation process evolved over three years, ultimately resulting
in selection of a recommended plan. During this time frame, the Restudy team used
an iterative process to identify and evaluate the merits of individual components
and the effect of combining these components into “comprehensive plans.” This
process involved separate sequential steps that allowed plans to be modified, as
more information became available, allowing the opportunity to refine and sharpen
the planning focus. This process resulted in discreet steps of formulation results
that are displayed, as such, in this section. These discreet plan formulation steps
are displayed in Table 7-1.
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Section 7 Plan Formulation and Evaluation

FIGURE 7-1
ALTERNATIVE PLAN
FORMULATION & EVALUATION PROCESS
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TABLE 7-1
PLAN FORMULATION STEPS
Formulation Process (Steps) e Resulting Recommendation
Component Screening Formulation of Alternatives 1-6
Alternatives 1-6 Additional Formulation of Alternatives 3-6 (A-D)
Alternatives A-D Further formulation of Alternative D
Alternative D-13R Selected as Initial Draft Plan
Other Project Elements (Separable Elements) Added to Initial Draft Plan to form Recommended
Plan

7.2 IDENTIFICATION AND SCREENING OF PLAN COMPONENTS

Plan formulation began by developing a list of the many different ideas to
achieve the planning goals and objectives. These different ideas are called
“components”. Components are the individual building blocks that can be combined in
various ways to form alternative plans. They include both structural measures, such
as reservoirs, pump stations, and canals, and nonstructural measures, such as
reservoir operating schedules.
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Section 7 : Plan Formulation and Evaluation

7.2.1 ldentification of Plan Components

The Restudy was not the first effort to develop a list of components for water
management in south Florida. Rather, it was able to take advantage of a vast array
of previous studies and plans with similar planning goals and objectives. The
Restudy’s first list of components was developed in January 1996 and included
components identified in the Reconnaissance Study (U.S. Army Corps of Engineers,
1994), the South Florida Water Management District’s Draft Lower East Coast
Regional Water Supply Plan (SFWMD, 1994a), and other sources. These sources
were reviewed and discussed by the Restudy Team, and a first group of components
were subsequently listed, described and linked to the planning goals and objectives.

This first list of components was considered and refined by the Governor’s
Commission for a Sustainable South Florida in its development of the Conceptual
Plan for the Restudy (GCSSF, 1996b). The Conceptual Plan contained 40 components
(“preferred options”), assembled into 13 thematic concepts, and served as the
Restudy’s initial framework for organizing components and developing a
Comprehensive Plan (see Section 6 of this report).

The Restudy Team met again in November 1996 to design a formulation and
evaluation strategy for developing comprehensive plans. This meeting resulted in
the development of the document entitled Restudy Plan Formulation (see Appendix
A of this report) which outlined the Restudy goals and objectives, and listed and
briefly described the components to be considered in developing alternative
comprehensive plans.

The Restudy Plan Formulation document was subsequently used at 20
stakeholder focus group meetings throughout south Florida between January 1997
and May 1997 (see Section 11 of this report). These meetings helped to ensure that
most stakeholders were satisfied with the range of components to be considered and
the strategy for formulating and evaluating alternative plans.

7.2.2 Screening of Plan Components

By the end of 1996, these efforts had produced an extensive inventory of
potential components. Even after an initial screening of these ideas, the list of
components numbered 112 (see Appendix A, Section 1 of this report). The approach
adopted by the Restudy Team to wuse these components in formulating a
Comprehensive Plan was to begin with the formulation of a single plan. This plan,
which the Restudy Team called the “Starting Point”, would combine many of the
listed components and could progressively be refined and shaped into the best
possible Comprehensive Plan. In order to determine which components to include in
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Seciion 7 Plan Formulation and Evaluation

the Starting Point plan, as well as in subsequent refinements, the list of components
were evaluated to:

(1) optimize the general size, location, and configuration of certain
components based on hydrologic criteria; |

(2) rank order similar components in terms of their dollar costs and the
magnitude of their non-dollar outputs; and _
(3) reduce the number of components to a more manageable number for
consideration in subsequent steps.

This evaluation process was called screening, and involved developing
information bases from the Lower East Coast Regional Water Supply planning
process and the Water Preserve Areas Land Suitability Analysis; hydrologic
modeling primarily using the Everglades Screening Model; and a cost effectiveness
analysis. The conclusions of the screening analysis are in Appendix A, Section 1 of
this report.

7.2.2.1 Screening Using the Lower East Coast Regional Water Supply Planning
Process

The South Florida Water Management District’s Lower East Coast Regional
Water Supply planning process modeled and evaluated a series of five alternatives.
Of the 112 Restudy components, 35 were previously modeled and evaluated in the
Lower East Coast Regional Water Supply planning process.

Preliminary results from these alternatives provided information about the
relative storage capabilities of components. In addition, it also provided insight into
the system-wide affects and interactions among components. For example, the plan
revealed the combined effects of modifications of the Lake Okeechobee operation
schedule and storage facilities outside the Lake. This information was useful in
establishing the best range of storage volumes. In addition, the benefits of rainfall
driven delivery schedules for the Everglades were also evaluated.

7.2.2.2 Screening Using the Water Preserve Areas Land Suitability Analysis

The Water Preserve Areas concept was initially proposed by the National
Audubon Society (1994) as a way to capture and store excess surface waters that
are normally discharged into the coastal waters through the C&SF Project canals.
This area would also serve as a buffer between the Everglades and the urban areas
to the east. This concept has evolved from a number of studies including the South
Florida Water Management District’s East Coast Buffer Feasibility Study (CH2M-
Hill, 1994) as part of the Lower East Coast Regional Water Supply planning
process.
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Section 7 : Plan Formulation and Evaluation

In 1995, a feasibility study for the Water Preserve Areas was initiated by the
Corps and the South Florida Water Management District to accelerate the
formulation and evaluation of Water Preserve Areas components. This study’s land

suitability analysis provided information about land cover, hydroperiod regime, and

soils that was useful in determining the best places to: (1) store water, (2) recharge
the aquifer, and (3) restore degraded wetlands.

This information provided considerable insight to determine the best
locations for the Water Preserve Areas components. For example, the land
suitability analysis identified sensitive wetlands that should be restored and less
sensitive wetlands that could be used for water management purposes.

7.2.2.3 Screening Using the Hydrologic Screening Models

The Everglades Screening Model was the primary hydrologic computer model
used for screening. This model simulates how water moves through south Florida
and how operational and structural modifications to the C&SF Project may affect
water movement. A complete discussion of the hydrologic modeling is in Appendix
B.

The Everglades Screening model was used to quickly evaluate and narrow
the range of water storage concepts in the Everglades Agricultural Area, the
Kissimmee River Basin, the Caloosahatchee Basin, and the St. Lucie Basin. It was
also used to identify the range of storage options for: alternative Lake Okeechobee
operation schedules; Lake Okeechobee aquifer storage and recovery systems; and
Water Preserve Areas reservoirs and wetlands. It also provided information about
how much water could be retained in the Water Conservation Areas using seepage
barrier components.

7.2.2.4 Screening Using Cost Effectiveness Analysis

Cost effectiveness analysis was used to help identify the least expensive
options to achieve a desired effect. Cost effectiveness analysis is typically done near
the end of a study to compare complete alternative plans. However, the analysis can
also be used earlier to compare similar components to assist in the formulation of
cost effective alternative plans. A summary of how the analysis was used in the
Restudy Plan Formulation is included in Appendix A, Section 2 of this report.

Of the 112 Restudy components, 47 were analyzed using the cost
effectiveness analysis. These components were grouped into seven different
functional categories of output including, for example: reducing phosphorus loading
to Lake Okeechobee, increasing water storage capacity in the Lower East Coast,
and increasing acres of wetlands throughout the study area.
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The cost effectiveness analysis provided information about the least costly
way to achieve each level of output. For example, the analysis revealed that storage
reservoirs in the Caloosahatchee Basin were more cost effective than Aquifer
Storage and Recovery around Lake Okeechobee. Therefore, the reservoirs would be
a better initial financial investment. This type of information was useful in
selecting the best size of a component as well as a priority for selecting components
based on the cost for the level of output achieved. However, the analysis was limited
in scope such that only a single output was measured for each component. For
example, a storage reservoir in the St. Lucie Basin not only increases water supply
but it also reduces damaging flows to the St. Lucie Estuary. In this case, the one-
dimensional approach used for the analysis resulted in under-estimating the
effectiveness of the component. However, in other cases there were negative effects
that were not measured. For example, backpumping to Lake Okeechobee results in
increased water supplies but it could impact the Lake’s littoral zone and this impact
was not measured during this analysis.

Further, without a target, the screening conclusion was limited to
identification of the most efficient component. That is, the component with the
lowest cost per unit of output desired. If an output target was available, and the
most efficient component failed to meet its target, the analysis was used to identify
the next most efficient component or group of components.

7.2.2.5 Screening Using Other Analyses and Best Professional Judgement

In addition to the other screening techniques, the Restudy Team wused
information from a variety of sources including previous C&SF Project studies, and
South Florida Water Management District Surface Water Improvement and
Management (SWIM) Plans. The Restudy Team also took advantage of the
extensive knowledge and experience of the team members and others that have
lived and worked in south Florida and had a day-to-day familiarity with the water
resources issues being addressed in this feasibility study.

7.2.3 Screening Conclusions
A summary of the major findings from the screening analysis is shown in

Table 7-2. For more detailed screening conclusions about each of the 112
components, see Table 5 in Appendix A, Sectionl.
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TABLE 7-2
SCREENING CONCLUSIONS SUMMARY

KISSIMMEE RIVER REGION

« Storage reservoirs effective for Lake level management

» Water quality treatment very cost effective for improving Lake Okeechobee

« Paradise Run most cost effective way to increase spatial extent of wetlands in this basin

UPPER EAST COAST REGION

» Storage reservoirs for C-44 Basin effective to improve estuary conditions

 Increased backpumping of treated water to Lake Okeechobee cost effective; however, adverse impacts to Lake’s
littoral zone were not evaluated

» Adding Aquifer Storage & Recovery to storage reservoirs should be considered

+ Opportunities to increase spatial extent of wetlands in this basin

e C-23, C-24, and C-25 Basins being considered in detail as part of Indian River Lagoon Study

CALOOSAHATCHEE RIVER REGION

« Storage reservoirs effective.

» Lake Hicpochee should be considered as first increment for storage

e Increased backpumping of treated water to Lake Okeechobee cost effective; however, adverse impacts to Lake’s
littoral zone were not evaluated

» Adding Aquifer Storage & Recovery 1o storage reservoirs should be considered

LAKE OKEECHOBEE REGION

e Increases to Lake levels cost effective; however, adverse impacts to Lake’s littoral zone were not evaluated

« Regional Aquifer Storage & Recovery not cost effective in this area for Lake level management (however, later
screening analyses showed that this component was effective at reducing flows to the St. Lucie and Caloosahatchee
Estuaries)

EVERGLADES AGRICULTURAL AREA REGION

» Storage reservoirs effective

« increased backpumping of treated water to Lake Okeechobee cost effective; however, potential adverse impacts to
Lake’s littoral zone were not evaluated

WATER CONSERVATION AREAS REGION

» Detailed modeling required to evaiuate components to reconnect habitats

e Rainfall driven delivery schedules are needed to achieve hydropattern restoration

BIG CYPRESS REGION

e Restoration of southern Golden Gate Estates very cost effective to increase spatial extent of wetlands

LOWER EAST COAST REGION

e Southern -8 project effective in delivering water to North Paim Beach County and Loxahatchee Slough

« Urban Water Supply: (depending on location) wellfield relocation/expansion, utility Aquifer Storage & Recovery,
and secondary canal operations are effective

» Regional Aquifer Storage & Recovery is very effective on C-51 and Hillsboro Canals

« Opportunities to increase spatial extent of wetlands in Northern Palm Beach County, Model Lands, and Biscayne
Bay coastal areas

WATER PRESERVE AREAS

e Storage reservoirs adjacent to Water Conservation Areas effective in a number of basins

» Aquifer Storage & Recovery should be considered to reduce size of storage reservoirs
ge g

e Seepage collection and backpumping generally most cost effective seepage management component

» Water quality treatment needed if drainage water is backpumped to natural areas

o Opportunities to increase spatial extent of wetlands
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Section 7 Plan Formulation and Evaluation

7.3 FORMULATION AND EVALUATION OF ALTERNATIVE PLANS

The next phase of plan formulation involved assembling components into
alternative plans to meet the planning goals and objectives. These plans came from
an iterative process that began with the formulation of a Starting Point plan based
on the screening conclusions. Subsequent iterations methodically created new plans
based on how well they performed relative to the objectives and associated
performance measures and targets.

7.3.1 Methodology for Formulation and Evaluation of the Alternative Plans

Alternative plans were formulated and evaluated by two teams, the
Alternative Development Team (ADT) and the Alternative Evaluation Team (AET).
Each of these teams had a specific planning purpose. The Alternative Development
Team was responsible for designing each alternative plan in response to the
Alternative Evaluation Team’s evaluations of the previous plan iteration. The
designs of these alternative plans were built into the South Florida Water
Management Model, a regional-scale hydrologic model (see Appendix B of this
report), to identify plan effects. The Alternative Evaluation Team was responsible
for evaluating each plan’s strengths and weaknesses, and describing plan shortfalls
to the Alternative Development Team. This repetitive formulation and evaluation
process progressively refined and improved the performance of subsequent
alternative plans. °

Communication between these teams and among team members was
facilitated by several mechanisms. First, a small cadre of interdisciplinary experts
participated on both the Alternative Evaluation Team and the Alternative
Development Team to assure timely and consistent communication between the
teams. Second, the over 100 members of the overall Restudy Team met seven times
during this process and had the opportunity to participate in both the formulation
and evaluation processes.

Finally, because of the large and geographically dispersed number of people
involved and interested in the Restudy, the Internet was used to communicate
formulation and evaluation results. This allowed the Restudy Team to solicit
comments from a broad base of the public and permitted people to participate as
team decisions were being made. The Restudy Internet address is
http://www.restudy.org. ,

7.3.1.1 Alternative Development Team
The Alternative Development Team was a multi-agency team of about 30

planners, engineers and scientists. The team identified and designed specific
components to be simulated in the South Florida Water Management Model with
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Section 7 . Plan Formulation and Evaluation

the intent to improve the performance of each alternative plan and to test different
strategies for component modification identified by the Alternative Evaluation
Team.

7.3.1.2 South Florida Water Management Model

The South Florida Water Management Model (see Appendix B) is a
regional-scale computer model of the water resources system from Lake Okeechobee
to Florida Bay. This is an integrated surface water — groundwater model based on
historical climatic data for the 31-year period between 1965 and 1995. This period
includes a range of drought and wet periods that are believed to encompass a
number of extreme hydrologic events for simulation purposes.

The model simulates the major elements of the hydrologic cycle in south
Florida including rainfall, evapotranspiration, infiltration, overland and
groundwater flow, canal flow, canal-groundwater seepage, levee seepage and
groundwater pumping. As the water management control structures and
operational rules are changed, the model simulates the effects on these hydrologic
conditions.

The model has been calibrated and verified using water level and discharge
measurements at hundreds of locations distributed throughout the region.
Technical experts-have extensively reviewed and accepted this model as the best
available tool for analyzing regional-scale structural and operational changes to the
complex water management system in south Florida.

The model was used to estimate hydrologic responses to proposed structural
and operational modifications to the water management system in south Florida.
The large scale and spatial extent of the model allows it to perform system-wide
evaluations. For example, the model can estimate hydrologic conditions, such as the
depth of water, in the Water Conservation Areas and Everglades National Park, if
changes are made in Lake Okeechobee's operations.

7.3.1.3 Alternative Evaluation Team
The Alternative Evaluation Team was also a multi-agency team of about 50
biological and physical resource specialists, planners, and engineers. The team was

responsible for plan evaluation, including:

(1) developing quantitative indicators of plans’ performance (called
performance measures) and targets for each indicator,

(2) comparing model results against performance targets to identify the most
significant strengths and shortfalls of each alternative plan,
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(3) providing the “top 10” shortfalls of each plan to the Alternative
Development Team,

(4) performing the evaluation and comparison of the final array of
comprehensive alternative plans, and

(5) collating and considering comments from the public and Restudy Team
regarding each alternative plan.

The Alternative Evaluation Team used multiple analytical tools to
accomplish the alternative plan evaluations: performance measures from the South
Florida Water Management Model computer simulations, the Across-Trophic-Level
System Simulation (ATLSS) model, and water quality models.

7.3.1.3.1 Performance Measures

The Alternative Evaluation Team developed a set of performance measures
as the basis of its evaluations for all areas of concern. Each performance measure
was implicitly linked to one or more of the planning objectives, and consisted of a
measurable indicator and target. The performance measures were largely indicators
of hydrologic characteristics. The performance measures were used to judge how
well each alternative met the objectives.

Many of the performance measures used to measure progress toward the
ecological objectives were based on hydrologic patterns revealed by the Natural
System Model. This model was developed from the South Florida Water
Management Model by removing the complex network of canals, structures and
levees in the current system and replacing them with the pre-drainage rivers,
creeks, and transverse glades. The topography of subsided areas are adjusted in the
Natural System Model to estimated pre-drainage levels. The output from the
Natural System Model represents the best available approximation of the pre-
drainage condition and is the basis for many of the restoration targets. Refer to
Appendix B of this report for a more detailed description of the Natural System
Model. :

The hydrologic patterns shown by the Natural System Model are generally
consistent with what is known or hypothesized about the optimum hydrologic
patterns for a number of characteristic plant and animal communities in the
historic Everglades. The Alternative Evaluation Team agreed that it was
appropriate to use the model as a basis for setting targets if appropriate scales were
used. For example, it would be appropriate to use the model to get targets for the
duration of inundation, depth and distribution patterns over a broad area; but it
would not be appropriate for development of depth targets at scales less than
plus/minus 0.5 feet, or to be used for estimates of flow volumes.
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Performance measures were also developed to evaluate the degree to which
the alternative plans are likely to meet water supply objectives. These considered
the frequency, duration and severity of water supply restrictions for both urban and
agricultural areas. Flood protection performance measures were also developed.
However, due to the coarse spatial resolution of the South Florida Water
Management Model, these performance measures were simply used to identify
areas of concern.

For each alternative plan, the South Florida Water Management Model
produced information about the performance measures in the form of tables, graphs
and maps. This information was useful for two reasons. First, the results could be
compared against the performance measure targets to evaluate plan success at
achieving the objectives. Second, the information was used to compare different
conditions including: the Existing Condition (1995 Base), the Future “Without Plan”
Condition (2050 Base), and any of the previously simulated alternative plans. For
example, a graph may compare Alternative 1 with the Natural System Model
(Historic Condition), the Existing Condition, and the Future without Plan
Condition.

7.3.1.3.2 Across Trophic Level System Simulation Model

The Across Trophic Level System Simulation (ATLSS) model (Appendix D)
is a set of computer models that integrates several approaches for different levels of
the ecologic hierarchy. The model uses hydrologic information from the South
Florida Water Management Model simulations of the alternative plans and predicts
biological responses of several species and species groups. The basic models of
ATLSS model included:

Cape Sable Seaside Sparrow Breeding Potential Index
Wading Bird Foraging Condition Index

White-tailed Deer Breeding Potential Index
Landscape Fish Model

Cape Sable Seaside Sparrow Individual Based Model
Snail Kite Breeding Potential Index

The nature and extent of ATLSS model results depended on the progress of
each model’s development and therefore varied among species and species groups.
For example, detailed results were available for the Cape Sable seaside sparrow’s
western population and for fish abundance because development of these models
was nearly complete at the time the alternative plans were evaluated. Less detailed
results were available for foraging and breeding condition indices for the snail kite,
wading birds, and others because these models were in earlier stages of
development.
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ATLSS model results for each alternative were compared with results for
other alternatives, the 2050 Base, and in most cases, with 1995 Base. When results
indicated that an alternative would improve species’ biological responses as
compared to the other conditions, the Restudy Team concluded that there was
evidence to suggest that the alternative was beneficial for those species as
compared to the other conditions.

7.3.1.3.3 Water Quality Models

The effects of alternative plans on water quality were evaluated using three
analytical tools. The Lake Okeechobee Water Quality Model (James et al., 1997)
simulated lake eutrophication processes. The Everglades Water Quality Model
(SFWMD, 1997h) simulated phosphorus transport in the Everglades Protection
Area. In addition to these two models, an analysis (Walker, 1998) of the
performance of the Everglades Construction Project and proposed reservoirs in
reducing phosphorus was utilized.

7.3.1.4 Basis for Formulation and Tradeoffs for the Alternative Plans

In formulation for ecological restoration, the team agreed that it was
important to make progress toward all the targets and that achieving a target in
one area should not cause damage to another area. Recovery of an Everglades-like
system is more likely to occur through recovery of a strong balance of all of the
hydrological features that characterized the pre-drainage system. These features
include spatial extent, duration of hydroperiods, sheet flow, flow volumes into
estuaries and depth patterns.

Fundamentally different strategies for achieving Everglades restoration have
been characterized as the “cookie cutter” and “Xerox reduction” approaches. Should
the goal be “point-for-point” matches with pre-drainage characteristics in the
remaining portions of the Everglades (“cookie cutter”), or should the goal be to
recreate all the original community and landscape proportions in an Everglades
that is now one-half its pre-drainage size (“Xerox reduction”)? While this question
prompted a healthy debate, most recent views have been (a) we should do neither,
or (b) we should do some combination of the two.

Plan formulation for the Restudy was based on a variety of approaches.
Alternative plans were formulated in an attempt to achieve pre-drainage targets,
that is, a “cookie cutter” approach was followed. Additionally, a “Xerox reduction”
approach was also achieved because the proportion of long-hydroperiod sloughs to
short-hydroperiod prairies in the current Everglades is similar to the proportion
between these two landscapes in the pre-drainage system.

The Restudy Team began formulation with the expectation that it would be
possible to design a plan that would meet all of the performance measure targets.
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The team assumed that the targets could be met by increasing the amount of stored
water, minimizing the amount of excess water to tide and re-distributing it.

As the process proceeded, it became increasingly apparent that, given the
physical, operational, legal, and societal constraints in south Florida, it would not
be possible to fully achieve every performance measure target. The constraints
created situations where alternative plans could not meet all targets in all areas at
all times resulting in the need to make tradeoffs among competing objectives,
Tradeoff situations included cases where the volume of water was insufficient, or
management options for local or sub-regional water supplies were sufficiently
limited. Since it was not possible to reach all targets, the Restudy Team
established the following guidelines for setting priorities among competing
performance measure targets:

(1) The pre-drainage hydrological patterns shown by the Natural System
Model are most likely to lead to the recovery of natural systems, and should
be a priority for the natural wetlands of south Florida over other targets.

(2) Where not all pre-drainage hydrological parameters can be recovered, or
where meeting these targets reduces the ability of a plan to meet pre-
drainage targets in a different part of the system, the Conceptual Ecological
Models (see Section 5 of this report) set the priority for hydrological targets.
Each Conceptual Ecological Model identifies critical ecological pathways
which show the critical hydrological parameters related to ecological changes,
and which should be given priority.

(3) Restoration should not cause additional, long-term ecological damage.
However, the Restudy Team, recognizing that substantial changes in
community structure and natural system boundaries have occurred over the
past 100 years, is willing to see additional local community shifts (short-term
“damage”) occur if these would allow the realization of larger scale
restoration targets. This view is consistent with the recognition by most
Everglades ecologists that a successful Everglades restoration program will
be one that recovers those ecological characteristics that defined the original
system to a sufficient degree so that a “new” Everglades-type ecosystem is
created (Davis and Ogden, 1994).

(4) Priorities for ecological targets may be based on criteria other than those
shown by the pre-drainage model where there is a compelling technical basis
for doing so. However, such targets may not have priority if, in meeting these
targets, it becomes substantially more difficult to reach ecological targets in
other regions.
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7.3.2 Formulation and Evaluation Iterations

The formulation of alternative plans was generally an iterative process in
which each plan was developed as a result of the evaluation of the previous
alternative. Through the first three iterations, each alternative plan was developed
in an attempt to improve upon the previous plan’s performance. The iterative
nature of this process allowed the team to learn more about particular components
of the plans including how the components perform under a range of conditions.
Through the last few alternative plans, a different approach to Everglades
ecosystem restoration was explored, namely restoration through removal of the
canals and levees within the remaining Everglades to restore connectivity and
unrestricted sheetflow.

Each iteration began with an alternative plan. The components of that plan
were built into the South Florida Water Management Model to simulate the plan’s
hydrologic effects. The model results were then posted on the Internet, and the
Alternative Evaluation Team and others reviewed the results. These results were
used as input into other models as described above to evaluate the plan’s
performance. Comments were provided to the Alternative Development Team,
which in turn modified the alternative plan to improve performance shortfalls, thus
creating the next alternative.

The iterative process to formulate and evaluate alternative plans began in
September 1997 and was completed in June 1998.

7.3.21 Starting Point

The Starting Point was the first alternative plan formulated. It combined

many of the features that were considered to solve system-wide problems. It was
formulated by a Restudy sub-team with extensive experience in the C&SF Project
and related studies such as the Lower East Coast Regional Water Supply Plan
process and the Restudy Reconnaissance study.

The screening analysis provided the information needed to assemble the
components into the Starting Point plan. Screening identified solutions for specific
problems and the Starting Point integrated the individual solutions into a whole
system-wide response. The components of the Starting Point are listed in Table 7-
3. The general philosophy of the Starting Point, and the first few alternatives, was
to start small and build components with the intent to provide a clear justification
as to why additional components were added in subsequent iterations.

The evaluation of the Starting Point showed the need for increased water
storage throughout the system to meet ecological restoration and water supply
objectives. In addition, the Starting Point included extensive seepage control
components to keep more water in the natural system. However, the reduced
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seepage led to increased saltwater intrusion into the Biscayne Aquifer and urban
wellfields. Therefore, formulation of Alternative 1 proceeded by increasing the
storage capacity of the components proposed in the Starting Point and scaling back
the rate of seepage management. It also included additional storage components
and additional, more passive, seepage management components. The theme of
adding additional storage continued throughout the plan formulation process.

TABLE 7-3
MAJOR COMPONENTS OF THE
“STARTING POINT”

EAA Storage Reservoir
Caloosahatchee/C-43 Basin Storage Reservoir
St. Lucie/C-44 Basin Storage Reservoir
North of Lake Okeechobee Storage Reservoir
Everglades Rainfali-Driven Operations
Water Preserve Areas Components:
Site 1 Impoundment
Water Conservation Area-2B Seepage
Management
C-11 Impoundment
Western C-9 Recharge Area
Central Lakebelt In-Ground Storage Reservoir
Bird Drive Impoundment
L-31N Seepage Management

7.3.2.2 Alternatives 1-6

Alternative 1 was formulated to overcome the water storage shortfalls
identified in the Starting Point plan and to reduce the negative impacts of
aggressive seepage management. Table 7-4 lists the major features and design
criteria used in Alternative 1 as well as the Starting Point and Alternatives 2-6.
The evaluations of Alternative 1 and subsequently Alternative 2 continued to show
the need for improved seepage management and greater storage throughout the
system. However, it became evident that the remaining options to store additional
water in surface reservoirs were more costly and other non-traditional storage
options, such as aquifer storage and recovery (ASR, see Appendix C), would have
to be considered.

Alternative 3 substantially increased water storage capacity by including a
series of aquifer storage and recovery components. However, the plan needed
improvement in the timing and distribution of the water deliveries. Further, none of
the plans had attempted to reestablish unrestricted sheetflow (connectivity)
through the remaining Everglades.
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Section 7 : Plan Formulation and Evaluation

Alternative 4 included partially decompartmentalizing the remaining natural
system by removing physical barriers to flows. The alternative evolved from
analyses of a series of South Florida Water Management Model computer
simulations, called scenarios, that combined components of Alternative 3 with
different amounts of levee and canal removal within the remaining Everglades. At a
Restudy Team meeting on December 15, 1997 various approaches for modeling
levee and canal removal within the natural areas of the Everglades were discussed.

Three scenarios were formulated as a result of that discussion. Each scenario .

progressively removed more of the internal compartments between the Water
Conservation Areas. The Alternative Evaluation Team evaluation of these
scenarios showed that as levee and canal removal increased from south to north
flows to Shark River Slough increased and some benefit was seen in the southern
portion of Water Conservation Area 3A where extreme high water was greatly
reduced -- because of removal of the L-29. However, removal of the levees and
canals also resulted in extreme high water conditions in Water Conservation Area
3B and eastern Water Conservation Area-3A. With complete removal of the levees
and canals from within the Water Conservation Areas, high water in Water
Conservation Area 3B was the most extreme of any scenario or alternative
considered by the Restudy Team. Further, drying conditions in Loxahatchee
National Wildlife Refuge (WCA 1), Water Conservation Area 2A, and Northeast
Shark River Slough were exacerbated, increasing the burden on Lake Okeechobee
and impacting the littoral zone. LowerEast Coast Region’s dependence on the Lake
for water supply increased as well.

“Because one of the basic tenets of the Restudy is to do no harm to one part of
the natural system in order to restore another, the team recommended taking a
more moderate approach to levee and canal removal, understanding that if ways to
mitigate the problems could be found, levee and canal removal of the upper part of
the system could be reexamined at a later date.

Therefore, for Alternative 4 and each subsequent alternative, the barriers in
the northern part of the system were retained. Specifically, the barriers between
Loxahatchee National Wildlife Refuge and Water Conservation Area-2A and
between Water Conservation Area-2A and Water Conservation Area-3A were kept
to prevent excessive dry-downs in the Refuge and Water Conservation Area-2A and
to protect Lake Okeechobee’s littoral zone. The barrier between Water
Conservation Area-2A and Water Conservation Area-2B was retained to prevent the
excessive depths in Water Conservation Area-2B seen in the more extensive levee
and canal removal scenarios.

The resulting alternative, Alternative 4, removed levees and canals within
Water Conservation Area 3 and eliminated barriers between this Water
Conservation Area and Everglades National Park. However, this alternative still
produced unintended adverse consequences to Lake Okeechobee, water supply, and
parts of the Water Conservation Areas.
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Section 7 Plan Formulation and Evaluation

Alternative 5 attempted to address problems created in Alternative 4. Many
areas were substantially improved, but at this point it was clear that it would not
be possible to precisely meet all targets. In addition, the timing and distribution of
water in the Water Conservation Areas remained problematic.

Another plan, Alternative 6, was formulated to address the continuing
problems identified from Alternative 5. This plan added additional high cost
features including wastewater reuse. However, this plan was not evaluated in the
same manner as the previous plans because the team recognized that the plans
were no longer comparable. The formulation of the previous alternatives allowed
the team to learn more about the individual plan components with each iteration.
This led to component modifications and improvements in the later alternatives
that were not included in the earlier alternatives. For example: excess flows in the
Caloosahatchee Basin were identified and, as such, were available to store in the
Caloosahatchee Basin or to backpump to Lake Okeechobee; and Biscayne Bay water
demands were identified, resulting in degradation to the ecology of the Bay.
Further, engineering designs of the components were improved upon with each
iteration. For example, a stormwater treatment area was reduced in size from
earlier plans because the land initially assumed to be available was not. An
unintended consequence of these modifications and improvements was that the
alternatives could not be fairly compared to each other. Therefore, the team decided
to reformulate and redesign the alternative plans to place them on an equal footing
for comparison.
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Section 7 Plan Formulation and Evaluation
TABLE 7-4
MAJOR FEATURES OF STARTING POINT — ALTERNATIVE 6
Alternatives
Major Features Starting ] . 3 4 5 s
Point
North L.O. Storage 100K ac-ft 200K ac-ft 200K ac-ft 200Kac-ft 200K ac-ft 200K ac-ft 200K ac-ft
C-44 Basin Storage 20K ac-ft 20K ac-ft 40K ac-ft 40K ac-ft 40K ac-ft 40K ac-ft 40K ac-ft
. 160K ac-ft 160K ac-ft 160K ac-ft 160K ac-ft 160K ac-ft
C-43 Basin Storage 80K ac-ft 160K ac-ft | 520 mgd ASR | 220 mgd ASR | 220 mgd ASR | 220 mgd ASR_| 220 mgd ASR
EAA Storage Area 240K ac-ft 240K ac-ft 240K ac-ft 360K ac-ft 360K ac-ft 360K ac-ft 360K ac-ft
Additional L-8 50 mgd ASR
Improvements 25 mgd ASR 25 mgd ASR 48K ac-ft
. 10K ac-ft 10K ac-ft 10K ac-ft 14.8K ac-ft
Site 1 Impoundment 10K ac-ft 10K ac-ft 10K ac-ft 25 mgd ASR 75 mgd ASR 75 mad ASR | 150 mgd ASR
Western C-11 & North
New River Diversion 6.4K ac-ft 6.4K ac-ft 6.4K ac-ft 6.4K ac-ft 6.4K ac-ft 6.4K ac-ft 6.4K ac-ft
&0 Impoundment and 10K ac-ft 10K ac-t 10K ac-ft 10K ac-ft 10K ac-ft 10K ac-ft 10K ac-ft
g&"r‘a’;"ake Belt 80K ac-ft 80K ac-ft 80K ac-ft 100K ac-ft | 135.2Kacft | 135.2Kac-ft | 187.2Kac-ft
Bird Drive Basin
Impoundment 11.5K ac-ft 11.5K ac-ft 11.5K ac-ft 11.5K ac-ft 11.5K ac-ft 11.5K ac-ft 11.6K ac-ft
100% Levee 100% Levee 100% Levee 100% Levee 100% Levee 100% Levee
L-31N Seepage 130‘,/ 100%Levee 100% Wet 100% Wet 100% Wet 100% Wet 100% Wet
Management Groun dv:ater ° Season Season Season Season Season
Groundwater | Groundwater | Groundwater | Groundwater | Groundwater
Taylor Creek/Nubbin 50K ac-ft 50K ac-ft 50K ac-ft 50K ac-ft 50K ac-ft
Slough Storage and Reservoir Reservoir Reservoir Reservoir Reservoir
Treatment 20K ac-ft STA | 20K ac-ft STA | 20K ac-ft STA | 20K ac-ft STA | 20K ac-ft STA
Lake Okeechobee ASR 1Kmgd ASR | 1Kmgd ASR | 1K mgd ASR 1K mgd ASR
C-51 Regional Ground
Water ASR 340 mgd ASR | 540 mgd ASR | 540 mgd ASR | 340 mgd ASR
C-23/24/Northfork and
Southfork Storage 165K ac-ft 190K ac-ft 192K ac-ft
Reservoirs
North New River
Regional Ground Water 250 mgd ASR
ASR
Hillsboro Canal Basin
Regional Groundwater 370 mgd ASR | 220 mgd ASR | 220 mgd ASR
ASR
WCA-3 and ENP 9 miles of 146 mi of 127 mi of 127 mi of
(Remove Canals and Canal Canal Canal Canal
L 82 mi of 54 mi of 56 mi of
evees)
Levee Levee Levee
Palm Beach County
. 10K ac-ft 19.9K ac-ft
Agriculture Reserve 10K ac-ft
Reservoir 75 mgd ASR 75 mgd ASR
North Lake Belt Storage 70K ac-ft 70K ac-ft 90K ac-ft
6% Reduction | 6% Reduction
Lower Fast Coast Water in 2050 Utility | in 2050 Utitity
Demands Demands
South Dade County 131 mgd 131 mgd
Reuse Capacity Capacity
C-51/Southern L-8 120K ac-ft
Reservoir Capacity
West Dade Reuse 100 mgd
Capacity

Ac-ft - Acre-Feet, K- unitof 1,000’s, STA - Stormwater Treatment Area, mi — miles, mgd - million Gallons per Day
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Section 7 : Plan Formulation and Evaluation

7.3.2.3 Alternatives A-D

The next phase of plan formulation focused on developing a comparable array
of alternative comprehensive plans. The team recognized that neither the Starting
Point nor Alternatives 1 or 2 would achieve the planning objectives at levels that
would be acceptable. Alternative 3, which had evolved from these first three plans,
was clearly superior to its predecessors. Therefore, the Starting Point and
Alternatives 1 and 2 were not considered further.

Next, the remaining alternatives were modified to reflect more current design
assumptions that would make them comparable, and improve their performance.
These changes fell into the following categories:

(1) Operational changes that would allow better performance of the
alternatives (for example, climate forecasting for Lake Okeechobee
operations and related reservoirs) or operational changes required due to a
change to another component.

(2) Changes to the South Florida Water Management Model input data to
account for better information (for example, runoff estimates from basins
contributing inflow to the St. Lucie Estuary).

(3) Modifications to correct design deficiencies identified during formulation
of Alternatives 1-5 (for example, canal design and location for backpumping
water from C-17 to the West Palm Beach Water Catchment Area) or; design
modifications to improve performance without an increase in cost (for
example, relocating aquifer storage and recovery facilities from Hillsboro
Canal to Site 1 Reservoir).

(4) Exclusion of components that were consistently poor performers (for
example, North New River Regional Groundwater Aquifer Storage and
Recovery).

(5) Inclusion of components that proved to be extremely good performers, but
were omitted from earlier alternatives due to insufficient data (for example,
Caloosahatchee Backpumping to Lake Okeechobee).

(6) Inclusion or exclusion of components as a result of changes to the base
conditions (for example, inclusion of the C-4 Divide Structure that was
previously believed to be implemented by the non-Federal sponsor but was
subsequently proposed as an element of the Critical Projects Program).

In view of these changes, the team elected to rename the reformulated and
redesigned alternative plans to clearly differentiate them from their earlier
iterations. The final array of plans included:
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Alternative A, which was a reformulated and redesigned Alternative 3.
Alternative B, which was a reformulated and redesigned Alternative 4.
Alternative C, which was a reformulated and redesigned Alternative 5.
Alternative D, which was Alternative 6.

Alternative A had the greatest number of changes from its original form,
followed by Alternative B then C. Tables 7-5 and 7-6 list the components in each
alternative. Further, Figures 7-2, 7-8, 7-4, and 7-5 display select features of
Alternatives A — D, respectively. For a more complete description of the components
included in Alternatives A — D, see Appendix A, Section 3. -

The reformulation provided an opportunity to make other modifications in
the modeling including using the most recent version of the Natural Systems Model
(NSM v4.5). Previous alternatives (Starting Point — Alternative 5) had been
evaluated and compared to a provisional version of this model. This newer version
of the Natural System Model became available in December 1997, so the team
agreed to use this newer version for the evaluation of Alternatives A through D.

With the reformulation of the alternative plans, the final set of Alternatives
A through D underwent a rigorous evaluation using a variety of analytical tools and
processes. These included: River of Grass Evaluation Methodology, Summary
Evaluation Criteria, Keystone and Endangered Species analysis, and Water Quality
analysis. The results of these analyses were arrayed and compared to identify
significant differences among plans.
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TABLE 7-5
COMPONENTS COMMON TO ALTERNATIVES A-D
Component Alternatives
Title A B C D
(Alt 3 Rev) | (Alt 4 Rev) | (Alt 5 Rev) (Alt 6)
v

North L.O. Storage

C-44 Basin Storage

Environmental Water Supplies to St. Lucie Estuary

C-43 Basin Storage

Environmental Water Supplies to Caloosahatchee
Estuary

.ake Okeechobee Regulation Schedule

EAA Storage Area

Everglades Rain-Driven Operations

Additional L-8 Improvements

Relocate Wellfield Operations

Site 1 Impoundment

Water Conservation Area 3A and 3B Levee
Seepage Management

Western C-11 Diversion

C-9 Impoundment and Diversion

Central Lake Belt Storage_

C-4 Divide Structures

Bird Drive Basin Impoundment

L-31N Levee Seepage Management

Taylor Creek/Nubbin Slough Storage and Treatment

C-17 Backpumping to Water Catchment Area

<Ix|sl<ic|Hln|zlol o |Z|lr|xlzleoin m (olo]w|>

C-51 East Backpump to Water Catchment Area

A RN ANANANANANANANANA SA A SAYANANANANENANER NEANANANANANANERNEANANANAN

BB Dade Broward Levee Improvement
CC | Improve Broward County Secondary Canals
DD | New Regulation Schedule for Holey Land
EE | Modify Reg Schedule for Rotenberger
FF Construction of S-356 A and B Structures
GG | Lake Okeechobee ASR
] Modify G404 Structure (ECP)
KK LNWR Internal Canal Structures
LL C-51 Regional Ground Water ASR
00 Modifications to South Dade in southern portion of
L-31N and C-111
uuU C-23/24/Northfork and Southfork Storage
Reservoirs
DDD | Caloosahatchee Backpumping w/STA v

A VB ERANEANANANRNANENANANANENANANANANANANENANERNEANANANANANANERNRANRNAN

AN N N AN A A A A A AR A AR AR S ANANANANAN IR N ANANANANANANER NEANENANAN

AN N N A AR A AR AYANANANANANANANANANANANER NI ANANANANANANER NRANENANAN

v - indicates that the component is included in the respective alternative
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TABLE 7-6
COMPONENTS DIFFERENT IN ALTERNATIVES A-D
Component Alternatives
Title A B c D
(Alt 3 Rev) | (Alt4 Rev) | (Alt 5 Rev) (Alt 6)
improve  Conveyance  between  Water :
l Conservation Area-3B and ENP Y Merged with QQ
Water Conservation Area-2 B Levee Seepage -
N Management v Merged with YY
P North New River Diversion and Treatment v Merged with YY
AA | Additional S-345 Structures v v v
HH | Modify S-343 A&B Operations v v v
MM ;lgl;boro Canal Basin Regional Groundwater v v v
PP Backpumping of the C-7 Basin to the Central v
Lake Belt Storage System via the C-6 Canal
QQ gecompartmentalize Water Conservation Area- v v v
RR [ Flow to Central Water Conservation Area 3A v v v
Relocate Miami Canal Water Supply Deliveries
SS | 1o NNR g g d
W Palm B_each County Agriculture Reserve v v v
Reservoir
WW | C-111N Spreader Canal v v v
XX | North Lake Belt Storage v v v
Divert Water Conservation Area-2 flows to
v v v
Y Central Lake Belt Storage
77 Divert Water Conservation Area-3A/3B flow to v v
Central Lake Belt or South Dade
AAA | Lower East Coast Water Conservation v v
BBB | South Dade County Reuse v v
CCC | Big Cypress L-28I Modifications v v
EEE | Flow to eastern Water Conservation Area-3B v v
FFF | Biscayne Bay Coastal Canals v v
GGG | C-51/Southern L-8 Reservoir v
HHH | West Dade Reuse v
v - indicates that the component is included in the respective alternative
Components J, Z, JJ, NN and TT are not included in alternatives A-D
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7.3.2.4 River of Grass Evaluation Methodology, Alternatives A -D

The River of Grass Evaluation Methodology (Appendix D) was a tool used to
determine the habitat quality of the alternative plans based on a subset of the
performance measures. The methodology provided a process to select key
performance measures, by sub-region, that are critical to achieving the ecologic
objectives. Through mathematical equations and best professional judgement, each
set of performance measures was normalized to generate a numeric score between 0
and 1.0. The result is a value that represents the habitat quality based on the
relationship between hydrologic characteristics and habitat restoration targets. For
water supply, a similar method of developing numerical output was followed to
allow comparison of the plans relative to the water supply objectives.

The output from this analysis was used to compare the relative differences in
habitat quality between alternative plans for each sub-region. It was not used to
compare the habitat quality of one sub-region with the habitat quality of another
sub-region. For example, it is appropriate to compare results for Shark River
Slough to determine how well each alternative plan performed for that region.
However, because different equations were used for each sub-region, it is not
appropriate to make a comparison between Shark River Slough and Lake
Okeechobee. The numeric scores are presented in Table 7-7 and are explained in
Appendix D, which includes a detailed interpretation of the effect of the alternative
plans on the sub-regions. Alternative Plan D-13R which is included in this table is
discussed in Section 7.3.3.

7.3.2.4.1 Summary Evaluation Criteria, Alternatives A-D

The Alternative Evaluation Team made its final comparisons of the
alternative plans by using three summary evaluation criteria:

e plan ranking
e plan grade
plan color

These criteria were designed to convert the numerical scores from the River
of Grass Evaluation Methodology into more qualitative descriptions of plan
performance. Plan rankings compared relative performance among the plans,
based on a tally of the ordinal scores created from the numerical scores. Plan
grades were created by combining numerical scores, and converting these groupings
of scores into letter grades, equivalent to the grading system in academic schools.
Color schemes (green for successful, yellow for uncertain; red for unsuccessful) were
used to express the team’s best professional opinion of how likely each plan will
result in the attainment of the long-term ecological or water supply objectives. A
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range of numerical scores could be given the same color evaluation, if the sub-team
felt that the objectives could be realized within a range of hydrological conditions.

TABLE 7-7
RIVER OF GRASS EVALUATION METHODOLOGY

NUMERICAL SCORES
(O=lowest, 1=highest)

. ffecte n
Sub-Regions AAgresd 1995 ng')‘ut A B c D D-13R
Lake Okeechobee 467,000 0.6 0.6 0.8 0.8 0.9 0.9 0.9
Caloosahatchee Estuary 9,000 0 0.1 1.0 1.0 1.0 1.0 1.0
St. Lucie Estuary 5,000 0 0.1 0.8 0.8 0.8 0.8 0.9
Loxahatchee National Wildlife 143,000 1.0 0.6 1.0 1.0 1.0 1.0 1.0
Refuge
Water Conservation Area-2A 105,000 0.4 0.4 0.4 0.4 04 0.4 0.6
Water Conservation Area-2B 28,000 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Northwest Water Conservation | 118,000 0.1 04 0.8 0.8 0.8 0.8 0.8
Area-3A
Holey Land and Rotenberger 61,000 0.4 0.6 0.8 0.8 0.8 0.8 0.8
WMAs
Northeast Water Conservation 54,000 0.1 04 0.8 0.6 0.1 0.1 04
Area-3A
Eastern Water Conservation 74,000 0.1 - 04 0.1 0.1 0.1 0.1 0.4
Area-3A
Central and Southern Water 276,000 0.4 0.4 0.8 0.8 0.4 0.4 0.8
Conservation Area-3A
Water Conservation Area-3B 69,000 0.8 0.4 1.0 0.1 0.1 0.1 0.6
Pennsuco Wetlands 18,000 0.4 0.4 0.6 0.6 0.8 0.8 0.8
Shark River Slough 204,800 0.2 0.3 0.5 0.6 06 0.6 0.8
Rockland Marl Marsh 77,000 0.2 0.6 0.7 0.7 0.8 0.8 0.8
Model Lands 18,000 0.6 0.6 0.5 0.7 0.8 0.8 0.8
Florida Bay 448,000 0.2 0.3 0.8 0.9 0.8 0.8 0.8
Biscayne Bay 138,000 0.9 0.8 0.5 0.6 0.8 0.8 0.8
South and Southeast Big 364,000 0.9 0.9 1.0 0.9 1.0 1.0 1.0
Cypress '
kf:ae Okeechobee Service N/A 0.6 0.3 0.8 0.7 0.8 0.9 0.9
Lower East Coast Service N/A 0.8 0.7 09 | o9 1.0 10 | 10
rea
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Ranking of the Alternative Plans: For each sub-region, the alternative
plans and the Without Plan Condition were ranked from one through five. The best
plan for each sub-region was awarded a one (1) and the worst plan a five (5). Ties
were dealt with by averaging. For example, if two plans were tied for first place,
they each received a score of 1.5, the average of 1 and 2. If three plans tied for first
place, they each received a score of 2, the average of 1, 2, and 3. This system
ensured that fifteen points for each sub-region were allocated across the
alternatives, equalizing the contribution of each sub-region to the final sum of
rankings. The results of this evaluation are included in Table 7-8. The plan with
the lowest cumulative score received the highest rank. For example, Plan D, the
highest ranked plan, scored 44 points compared to the Without Plan condition
which received 98 points.

' TABLE 7-8
PERFORMANCE OF THE WITHOUT PLAN CONDITION AND
ALTERNATIVES
BASED ON RELATIVE RANKING

(1=best, 5=worse)

Alternatives
Subregion Without A 8 c D
Plan
Lake Okeechobee 5 3.5 3.5 1.5 1.5
Caloosahatchee Estuary 5 2.5 25 25 2.5
St Lucie Estuary 5 25 25 2.5 2.5
Lake Worth Lagoon 5 4 1 2.5 2.5
Holey Land & Rotenberger Wildlife 3 3 3 3 3
Management Areas
Loxahatchee National Wildlife Refuge 5 4 2 2 2
Water Conservation Areas 2 & 3 5 1 3 3 3
Shark River Slough 5 4 1.5 3 1.5
Rockland Marl Marsh 5 3.5 35 2 1
Model Lands 4 5 2 25 1.5
Florida Bay 5 1.5 1.5 3.5 3.5
Biscayne Bay 2.7 43 4.3 22 1.5
Southern Big Cypress 4 4 4 2 1
Southeastern Big Cypress 5 2 4 2
Connectivity 5 4 1 2 3
Sheet Flow 5 4 1 25 2.5
Fragmentation 45 45 1 25 25
Water Quality 5 35 3.5 1.5 1.5
Dade Agricultural Area 5 25 25 25 25
Lake Okeechobee Service Area 5 3 4 2 1
Lower East Coast Service Area 5 3.5 3.5 15 1.5
Total Sum of Rankings 98.2 69.8 54.8 48.7 44
Final Feasibility Report and PEIS April 1999
7-29

C—098058

C-098058



Section 7 Plan Formulation and Evaluation

Grading the Alternative Plans: Plan grades were created based on the
numerical output from the River of Grass Evaluation Methodology for most sub-
regions. All sub-regions except the Northern and Central Everglades, which
developed letter grades independently, assigned letter grades (A, B, C, D, or F)
based on the numerical scores (refer to Table 7-7). The results of this evaluation
are included in Table 7-9. Letter grade A was best, or excellent at meeting the
performance measures; and letter grade F was worst, or failed to meet the
performance measure targets, just like the letter grading system used in academia.
The letter grades indicate how well each alternative plan and the Without Plan
Condition performed at meeting the performance measure targets. If two or more of
the plans performed similarly for the performance measures for the sub-region,
then more than one plan could receive a similar grade for a sub-region. For
example, Loxahatchee National Wildlife Refuge earned a letter grade A for
alternative plans A-D.

TABLE 7-9
PERFORMANCE OF THE WITHOUT PLAN CONDITION AND
ALTERNATIVES
RELATIVE TO PERFORMANCE MEASURES
LETTER GRADE
Alternatives
Sub-region Without

Plan

Lake Okeechobee
Caloosahatchee Estuary
St Lucie Estuary

Lake Worth Lagoon

Holey Land & Rotenberger Wildlife
Management Areas

Loxahatchee National Wildlife Refuge
Water Conservation Areas 2 & 3
Shark River Slough

Rockland Marl Marsh

Model Lands

Florida Bay

Biscayne Bay

Southern Big Cypress
Southeastern Big Cypress
Connectivity

Sheet Flow

Fragmentation

Lake Okeechobee Service Area
Dade Agricultural Area

Lower East Coast Service Area
Water Quality
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Section 7 Plan Formulation and Evaluation

Color Assessment of the Alternative Plans: The alternative plans were
also scored using colors (green, yellow, and red) by converting plan grades into a
"best professional opinion" prediction of how likely each plan would achieve the
long-term ecological or water supply objectives. The results are displayed in Table
7-10. Each color provides two kinds of information: (a) a prediction of how likely a
plan will achieve the recovery and long-term sustainability objectives defined by the
performance measure(s); and (b) a recommended priority for further improvement
in the design and operation of the currently modeled plan. Green means that the
current plan is likely to recover and sustain the ecological or water supply objective
described by the performance measures. Yellow means that achievement of the
long-term objectives is marginal or uncertain, and that improvement in the plan is
a moderate priority. Red means that the recovery and long-term sustainability of
the objectives are unlikely, and that the current plan requires improvement if these
targets are to be met.

TABLE 7-10
PERFORMANCE OF THE ALTERNATIVE PLANS
TO ACHIEVE LONG-TERM OBJECTIVES
COLOR RANKING
G = sticcessful, Y = marginal or uncertain, R = unsuccessful

Alternatives
A B C D

Sub-region Without
P
Lake Okeechobee Y

Caloosahatchee Estuary rgsey s adrer e o e LR T e
St Lucie Estuary Y Y Y Y
Lake Worth Lagoon

Holey Land & Rotenberger Wildlife
Loxahatchee National Wildlife Refuge
Water Conservation Area 2 & 3 Y
Shark River Slough

Rockland Marl Marsh Y Y
Model Lands Y
Florida Bay Y Y
Biscayne Bay

Southern Big Cypress
Southeastern Big Cypress
Connectivity

Sheet Flow
Fragmentation ; ; {
Dade Agricuitural Area G e Y
Lake Okeechobee Service Area 2 Y

Lower East Coast Service Area Y Y

Water Quality ne ne ne ne ne
ne - not evaluated using color ranking

o

<[=<|=<

<{=<|=<

<|=<|=<|=<
..<
-<
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Section 7 . Plan Formulation and Evaluation

7.3.2.4.2 Keystone and Endangered Species Evaluation of Alternatives A-D

Evaluation of alternative plans' performance with regard to threatened,
endangered and keystone species was accomplished through a combination of
several methods. The Across Trophic Levels System Simulation model results
provided information on expected biological responses of several species and species
groups. Other methods to predict species response to the alternative plans included:
(1) the additional Crocodile Habitat Suitability and Wood Stork Nesting Patterns
performance measures; (2) information on known hydrological responses of species
gleaned from Volume I of the Multispecies Recovery Plan for the Threatened and
Endangered Species of south Florida, Technical/Agency Draft -(U.S. Fish and
Wildlife Service, 1998b); and (3) discussions with research biologists widely
recognized as experts on particular species. These additional sources of information
were considered along with results from the Across Trophic Level System
Simulation model to form a “weight of the evidence” or “consensus” conclusion
among members of the Restudy Team and species experts. The relative ranking of
the plans for the keystone and endangered species are included in Table 7-11.

TABLE 7-11
KEYSTONE AND LISTED SPECIES
(1=best, 5=worse)

Alternatives
Species W",tg""“t Alt A Alt B AltC Alt D
CSS Sparrow 5 4 1 1 1
Snail Kite 5 3 3 1 1
Wood Stork 5 1 1 1 1
Panther 1 1 1 1 1
Crocodile 5 2 2 2 1
Deer 5 2 1 2 2
Wading Birds 5 3 3 1 1
Fish 5 3 3 1 1

7.3.2.4.3 Water Quality Evaluation of Alternatives A -D

Model output from the South Florida Water Management Model and the
water quality models were evaluated in the context of performance measures
developed by the Restudy Water Quality Team. The Water Quality Team’s
empirical evaluation was conducted on a slightly different sub-regional basis than
the Alternative Evaluation Team. The Water Quality Team did not develop an
empirical evaluation of alternative plans on water quality conditions in the Big
Cypress Basin or the Holey Land and Rotenberger Wildlife Management Areas.
For those areas, a qualitative assessment was made based upon the proposed
operation of the components contained in the alternatives.
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Section 7 Plan Formulation and Evaluation

From this evaluation, the Water Quality Team ranked the base conditions
and alternative plans on a scale of 1 to 6, with higher scores indicating a more
preferred condition from a water quality perspective. It should be noted that this
method of ranking is reverse from the previous ranking evaluations, meaning a
lower score indicates a more preferred condition. The rankings are included in
Table 7-12.

TABLE 7-12
WATER QUALITY RANKINGS
1=worse, 6=best’

Iternativ
Sub-Region 1995 . . =
Base | Without A B C D
Plan

Lake Okeechobee 1.5 4.5 1.5 4.5 4.5 4.5
Everglades Agricultural Area and
the Everglades Construction 1 2 6 5 3.5 3.5
Project
Water Conservation Areas 2 & 3 1 2.5 5 2.5 5 5
St. Lucie Watershed 1 2 3.5 3.5 5 6
Caloosahatchee Watershed 1.5 1.5 3 4 5 6
Loxahatchee National Wildlife
Refuge 1 2 45 4.5 45 4.5
Everglades National Park 1.5 5 3.5 6 1.5 3.5
Lower East Coast Service Area 6 3.5 1.5 1.5 5 3.5
Cumulative Score 14.5 23 28 31.5 34.0 36.5

! Care should be taken when comparing the water quality rankings with other evaluation rankings due to the differences in scale.

7.3.2.4.4 Evaluation Conclusions for Alternatives A - D

Results presented in the previous tables show that Alternative D is generally
the best plan at achieving the ecologic, water supply, and water quality objectives.
For these same criteria, Alternative C is the second best plan. Table 7-11 shows
that for Listed Species, Alternative D ranks slightly higher than the other
alternatives, with Alternative C ranking second. All tables show that for most sub-
regions, the plans provide substantial benefits (i.e., improvements) over the
Without Plan Condition.

The Alternative Evaluation Team selected Alternative D, with the
provision that steps be taken to correct specific weaknesses in the alternative.
Overall, Alternative D performed best for:

e Lake Okeechobee Service Area
e (Caloosahatchee Estuary
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Section 7 Plan Formulation and Evaluation

Lake Okeechobee Service Area

Lower East Coast Service Areas

Loxahatchee National Wildlife Refuge

Holey Land and Rotenberger Wildlife Management Areas
Southern and southeastern Big Cypress Basin

Southern Everglades Rocky Glades

Alternative D, was inadequate (reds in Table 7-10) at meeting performance
targets for:

e Portions of Water Conservation Areas 2 and 3
e Shark River Slough

_ Alternative D was moderately adequate (yellows in Table 7-10) at meeting
performance targets for:

St. Lucie Estuary

Florida Bay

Lake Worth Lagoon

South Dade Agricultural Region

From a water quality perspective, Alternatives C and D were preferred over
Alternatives A and B. The Without Plan Condition was considered not acceptable.
Due to a lack of model results (particularly the Everglades Landscape Model
results), the alternative plans could not be ranked based upon water quality
impacts or benefits in Big Cypress National Preserve and the Holey Land and
Rotenberger Wildlife Management Areas.

The Alternative Evaluation Team recommended that ad hoc teams of
ecologists, hydrologists and modelers be created to determine both the immediate
and long-term strategy for improving the performance of Alternative D in the red
and yellow scored areas.

The Alternative Evaluation Team also highlighted three specific strengths of
Alternative B, which, if incorporated into Alternative D, would bring the different
ecological strengths of these two plans together to form a more robust restoration
plan. These included:

e Higher volumes of flow into the Florida Bay Estuary compared to other
plans.

e Greater success at reestablishing system connectivity.
Improved levels of sheet flow, compared to other plans.
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These three features were a consequence of the greater extent of system-wide
decompartmentalization, by the removal of levees and canals that create barriers
between natural areas, which characterized Alternative B. The Alternative
Evaluation Team recommended that the same ad hoc team explore the feasibility of
merging these features of Alternative B into D.

At a Restudy Team meeting in early June 1998, the full team agreed with the
conclusions of the Alternative Evaluation Team and selected Alternative D as the
preferred alternative. The full team also accepted the Alternative Evaluation
Team’s recommendation that Alternative D should be refined to improve
performance in five key areas: Water Conservation Areas 2 and 3, Shark River
Slough, Florida Bay, and the St. Lucie Estuary.

7.3.3 Initial Draft Plan

In June 1998, a team of engineers and ecologists conducted an intense
iterative process to improve the hydrologic performance of Alternative D in the five
key areas. During the first seven iterations, the team attempted to achieve the
improved performance by making only operational changes. However, such changes
proved inadequate to meet the desired performance, and structural changes to the
plan were considered. The next six iterations included both operational changes and
structural changes to achieve the desired performance. The thirteenth and final
iteration included component modifications and improvements to Alternative D that
rectified performance inadequacies in portions of the Water Conservation Area,
Everglades National Park, Florida Bay, and the St. Lucie Estuary. The plan that
resulted was called Alternative D-13R. Alternative D-13R was designated as the
Initial Draft Plan by the Restudy Team.

7.3.3.1 Features of Alternative D-13R

The most significant change between Alternative D and D-13R was the
removal of additional levees and canals between Water Conservation Area 3A and
Everglades National Park and Big Cypress National Preserve. Unlike Alternative
B, Alternative D-13R left a barrier between Water Conservation Areas 3A and 3B.
This barrier, a levee known as L.-67, was modified in Alternative D-13R to include a
conveyance canal and a series of passive weirs to promote high flows between these
areas, in addition to allowing for managed flows during the dry season. Alternative
D-13R also included several new operating rules for triggering when surface water
is allowed to enter the Water Conservation Areas and Everglades National Park.
Furthermore, additional surface water storage capacity was included for the C-23,
C-24, Northfork and Southfork Basins in the Upper East Coast to further reduce
damaging local basin runoff to the St. Lucie Estuary. The major features of
Alternative D-13R are displayed in Figure 7-6. For a complete description of this
plan, refer to Appendix A, Section 4.
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7.3.3.2 Evaluation of Alternative D-13R

The modifications to Alternative D resulted in substantial improvements in
the Water Conservation Areas and Everglades National Park without
compromising Lake Okeechobee water levels or water supply to Lake Okeechobee
and Lower East Coast Service Areas. The modifications relieved adverse high and
low water conditions in the Water Conservation Areas. Flow volumes to Shark
River Slough were increased while maintaining seasonal distribution of flows
indicated by Natural System Model. The number of dry-downs in Shark River
Slough was reduced to three events over the period of record compared to two
events under Natural System Model. Salinity in Florida Bay coastal basins was
improved as well. These improvements were achieved through partial
decompartmentalization of Water Conservation Area 3 and Everglades National
Park, which makes Alternative D-13R more like Alternative B as desired by the
Alternative Evaluation Team and the Restudy Team. Additional storage acreage in
the Upper East Coast basins reduced high volume local basin runoff to the St. Lucie
Estuary. This enabled Alternative D-13R to come closer to meeting the performance
measure target described by the number of times high local basin runoff occurred to
the estuary.

Table 7-13 is a summary table of letter grades for the Without Plan
Condition, and Initial Draft Plans D and D13R. Table 7-14 shows the same by
color ranking. Table 7-7 includes the River of Grass Evaluation Methodology
results for Alternative D-13R. A separate water quality evaluation was also
conducted for Alternative D-13R (see Appendix D). From a water quality
perspective, the performance of Alternative D-13R was improved when compared to
Alternative D.

7.3.3.3 Uncertainty Analysis of D-13R Components

In selecting the components that are in Alternative D-13R, the Restudy Team
recognized the high level of technical and implementability (due to high cost)
uncertainties associated with some of the components. These uncertainties can be
viewed as a question of whether an uncertain component will achieve the desired
effect. If the component fails to achieve the desired effect, the feasibility of
implementing an alternative component along with or as a replacement to the
uncertain component may need to be considered to assure that the Comprehensive
Plan meets its stated objectives.
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TABLE 7-13

PERFORMANCE OF D & D13R
RELATIVE TO ECOLOGICAL PERFORMANCE
MEASURES
LETTER GRADE

Sub-Region

Without
Plan

AltD

D-13R

Lake Okeechobee

>

Caloosahatchee Estuary

St Lucie Estuary

Lake Worth Lagoon

Holey Land & Rotenberger WMA

Loxahatchee NWR

Water Conservation Area 2A

Water Conservation Area 2B

Northwestern Water Conservation
Area 3A

Northeastern Water Conservation
Area 3A

Eastern Water Conservation Area
3A

Central & Southern Water
Conservation Area 3A

Water Conservation Area 3B

oo |n|n|[mlo

O

<4—

M| EB|TOI>IIIOIO>»

Pennsuco Wetlands

J
®

Shark River Slough

Rockland Marl Marsh

Florida Bay

Biscayne Bay

Model Lands

Southern Big Cypress

SE Big Cypress

Connectivity

Sheet Flow

Fragmentation

Water Quality
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ne — not evaluated
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TABLE 7-14
PERFORMANCE OF D AND D-13R

TO ACHIEVE LONG-TERM ECOLOGICAL OBJECTIVES
COL.OR RANKING

Sub-Region

Without
Plan

AltD

D-13R

Lake Okeechobee

Y

Caloosahatchee Estuary

St Lucie Estuary

Lake Worth Lagoon

Holey Land & Rotenberger WMA

Loxahatchee NWR

98 Kok IEd FoR Ko

Water Conservation Area 2A

Water Conservation Area 2B

Northwestern Water Conservation Area 3A

Northeastern Water Conservation Area 3A

lEastern Water Conservation Area 3A

Central & Southern Water Conservation
Area 3A

Water Conservation Area 3B

» | <I<]|<]=®]|™

<

<|<lol=

®
>

Pennsuco Wetlands

3
[+

Shark River Slough

ﬂRockland Marl Marsh

Florida Bay

Biscayne Bay

Model Lands

Southern Big Cypress

SE Big Cypress

Connectivity

Sheet Flow

Fragmentation

A0 X]I X131

(0N EoR Kok K2R HoR Kol K28 K24 Il K28 K28 IS

Water Quality

3
@

gomoommo<oxom§mmmm§oo<<oo

3
o

ne — not evaluated
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To understand the extent of these uncertainties, the team identified
contingency plans to address potential performance deficiencies or cost-effectiveness
problems related to these uncertain components. As a first step in identifying the
scope of contingency plans, the Restudy Team identified the components with the
highest degree of uncertainty and the most likely alternatives that” could be
implemented as partial or complete substitutes for the uncertain components. The
team also identified the sources of the uncertainty as well as the contribution these

components make to the overall system. The results of this investigation are .

included in Table 7-15.

In addition, sensitivity analyses were conducted for the wuncertain
components using the South Florida Water Management Model. These computer
simulations were evaluated to determine the extent of degraded performance. The
results are documented in Section 7.3.3.4.

7.3.3.4 Sensitivity Analysis of D-13R Components

Special investigations were undertaken to assess the sensitivity of
Alternative D-13R (Appendix B). The analysis included removing components or
reducing efficiency of components with the highest uncertainty from Alternative
D-13R and then analyzing the simulated performance of D-13R under these
conditions. These simulations were- undertaken, in addition to other special
investigations, at various stages in the alternative development process in order to
assist in the design of alternatives or to investigate particular effects that could not
be built into the alternatives. Although some of the sensitivity analyses indicate
that the overall system performance does not change significantly when certain
components are removed, this does not necessarily mean that the feature is not
important or needed. No operational modifications or structural components were
added to replace the function of the removed components. It was found that one or
more of the remaining components was typically utilized more extensively to
compensate for the removal of a component.
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TABLE 7-15
COMPONENT UNCERTAINTY
Key Performance Attributes of : . " . Expected Downsides of
Component Component Sources of Uncertainty Potential Alternatives Potential Alternatives
Lake Okeechobee A. Attenuates high Lake levels 1. High construction and O&M | a) Increase storage by raising levels in Lake Increased

ASR

B. Keeps Lake levels up in dry
periods

C. Greatly reduces regulatory
releases to Caloosahatchee and St.
Lucie Estuaries

D. Stores excess water for future use

costs, especially potential
treatment costs for water to be
stored

2. Technical uncertainty,
especially as regards how much
water can ultimately be
recovered

Okeechobee (B, C, D) (1, 2)

b) Partition Lake into ecologically and water
supply managed areas (A, B, C, D) (1, 2)

c) Expand capacity of reservoirs in Alternative
D13-R that can store Lake water, by making
them larger and/or deeper (A, B, C, D) (2)

d) New reservoir(s) (A, B, C, D) (2)

Deep disposal wells (A, C) (1, 2)

evapotranspiration or loss
of water to saline aquifers
(c.d)

Negative ecological
impact on Lake (a, b)
Higher Costs (c, d)

Lower East Coast
ASR

A. Improves efficiency of reservoirs
B. Reduces flows to tide (Lake Worth
Lagoon)

C. Stores water for future use

1. Technical uncertainty,
especially as regards how much
water can ultimately be
recovered

2. High construction and O&M
costs, especially potential
treatment costs for water to be
stored '

a) Deepen surface storage reservoirs (B, C)
(1

b) Construct new or expand reservoirs
(include alternative location) (B, C) (1)

c) Alternative water sources including reuse
and Floridan aquifer water with membrane
treatment (1)

Higher costs (a, b, ¢)
Additional Land Required
for Water Management

(b)

C—098070

B. Reduce deliveries from WCA/L
C. Maintain canal stages (C-2, C-4,
C-6, C-7, C-9)

D. Flood protection

storage area may be limited by
influx of poor quality water from
deeper aquifers

Reservoir with more above ground level
storage capacity

b) ABSR if technical and cost uncertainties are
successfully solved

c) Alternative water supply/R.O./Reuse

d) Store water in an alternative surface
storage area which may be located locally or in
the EAA

Caloosahatchee A. Reduces excessive flows and 1. Technical uncertainty, a) Deeper surface storage (A, C) (1) Increased Evapo-
ASR helps meet minimum flows to especially as regards how much [ b) New expanded reservoirs (include transpiration or loss of
Caloosahatchee Estuary water can ultimately be alternative location) (A, C) (1) water to saline aquifers
B. Improves efficiency of reservoir recovered c) Deep disposal wells (A — excessive) (b)
C. Stores water for future use Higher Costs (a, b)
Additional Land Required
for Water Management
(b)
‘| North Lake Belt A. Water supply to canal system 1. Ability to fluctuate levels in | a) Configure North Lake Belt Storage Usable storage may still

be reduced (a, ¢)

Costs per unit of storage
capacity may be
higher(b,d)
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TABLE 7-15
COMPONENT UNCERTAINTY
Key Performance Attributes of . . . Expected Downsides of
Component Component Sources of Uncertainty Potential Alternatives Potential Alternatives
Central Lake Belt A. Reduces high stages in WCAs 1. Ability to fluctuate levelsin | a) Configure Central Lake Belt Storage Usable storage may still
and ENP storage area may be limited by | Reservoir with more above ground level be reduced (a, ¢)
B. Improves dry season flows to ENP | influx of poor quality water from | storage capacity Costs per unit of storage
deeper aquifers b) Intercept water — store in EAA for later use capacity may be higher (a,
¢) Deepen above ground reservoirs in b, ¢
Alternative D13 such as C-g, C-11 and Bird Coastal basin water
Drive _ shortages may be
d) Increase delivery of water from west Dade increased and flows to
to ENP Biscayne Bay may be.
reduced (d)
Reuse — South A. Provides a base flow to Biscayne | 1. Funding due to high costs a) ASR if ASR technical and cost Provides less water for

Dade

National Park

B. Helps prevent saltwater intrusion
by providing water to maintain canal
and groundwater levels

related to treatment operations
and maintenance

2. Treatment effectiveness
and reliability

1

uncertainties are successfully solved (B)
(1

b) In-ground storage (B) (1)

¢) Alternative water supply — R.O.
Conservation (A, B) (1)

d) Floridan Aquifer (A,B)

e) Alternative surface water sources (A,B)

Biscayne Bay when water
is being placed into
storage (a, b)

Quantity and quality of
source water
uncertainty(d,e)

Reuse — West Dade

A. Provides groundwater recharge for
west wellfields

B. Reduces deliveries from WCA/LO
to Service Area 3

C. Provides flow to Biscayne National
Park and to South Dade Conveyance
system which helps recharge Taylor
Slough

D. Provides groundwater recharge to
L-31N area from which water is
withdrawn to deliver to ENP

1. Funding due to high costs
related to treatment operations
and maintenance

2. Treatment effectiveness
and reliability

a) ASRif ASR technical and cost
uncertainties are successfully solved (A, B, D)
b) In-ground storage (A, B, D) (1)

¢) Alternative water supply — reverse osmosis
and conservation (A, B, C, D) (1)

d) Floridan Aquifer (C)

e) Alternative surface water sources (C)

Provides less water for
uses when water is being
placed into storage (a, b)
Quantity and quality of
source water
uncertainty(d,e)

C—098071

L-31N Seepage
Management

A. Provides ability to seasonally
manage groundwater seepage out of
ENP

B. Protects water levels in ENP

C. Protects necessary groundwater
flows to coastal Miami-Dade County

1. Ability of pumping
technology to seasonally
manage groundwater seepage
2. Effectiveness and feasibility
of the levee seepage barrier and
resulting downstream impacts

a) Curtain wall with improved surface water
deliveries to enhance coastal basin
groundwater recharge

b) Partial curtain wall with enhanced surface
deliveries to ENP to mitigate for groundwater
outflows. )

¢) _Seepage collection system

Higher costs (a, b)
Reduced effectiveness (c)

(A, B, C, etc>) corresponds to key attributes of a component
(1, 2, 3, etc.) corresponds to the uncertainties related to a particular component
(a, b, ¢, etc.) corresponds to the potential alternative
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Section 7 Plan Formulation and Evaluation

Due to the high construction, operation and maintenance, and potential
treatment costs for water stored in aquifers, and the technical uncertainty
regarding the recovery efficiency of aquifer storage and recovery, two sensitivity
modeling scenarios were run and evaluated. Modeling scenarios were run and
evaluated for each of the aquifer storage and recovery components included in the
Caloosahatchee Basin, the Lake Okeechobee area, and the Lower East Coast area.
The two scenarios were evaluated against Alternative D-13R. The first scenario
considered reduction in recovery efficiency of aquifer storage and recovery from 70
to 35 percent. The second scenario considered total removal of the aquifer storage
and recovery component. These sensitivity analyses showed the following results.
The scenarios with decreased aquifer storage and recovery efficiency at the
Caloosahatchee and Lower East Coast Basins aquifer storage and recovery facilities
required additional water from Lake Okeechobee and Water Conservation Area 1 to
offset deficits. Scenarios with reduced efficiency for Lake Okeechobee and Lower
East Coast Basins aquifer storage and recovery showed increased discharges to tide
and more high flows to Lake Worth Lagoon. The scenario removing Lake
Okeechobee aquifer storage and recovery more than tripled Lake Okeechobee Zone
A regulatory discharges to the St. Lucie Estuary and doubled discharges to the
Caloosahatchee Estuary. In addition, when Lake Okeechobee aquifer storage and
recovery was removed southerly discharges from the lake to the Everglades
Agricultural Storage Area and Water Conservation Areas increased.

In the North and Central Lake Belt Storage Areas, concern was expressed
that the ability to fluctuate water levels within the storage areas may be limited
due to the potential for introduction of poor quality water from deeper aquifers.
Sensitivity analysis modeling scenarios were carried out to individually remove
each of these storage components. The removal of the North Lake Belt Storage Area
resulted in a significant increase in water deliveries from Lake Okeechobee and
Water Conservation Area 3A to the Lower East Coast Service Area 3, to maintain
water levels in the canals. As a result, lake stages were lower and there were
increases in water restrictions in Lower East Coast Service Area 2 with the reduced
ability to maintain coastal canals, and a redistribution of flows to Biscayne Bay.
The removal of the Central Lake Belt Storage Area resulted in a significant
increase in eastward diversions of excess water from Water Conservation Area 3A
and 3B. This resulted in lowered stages in Water Conservation Area 3A and 3B
and reduced flows south to Northeast Shark River Slough. Discharges to Biscayne
Bay increased as a result of increased seepage from Water Conservation Area 3.

The wastewater reuse components were evaluated due to their high
construction, operation and maintenance costs. Removal of the West Miami-Dade
reuse component significantly lowered stages in the Bird Drive Recharge Area and
in L-31N, decreased flows to Central Shark River Slough and Everglades National
Park, lowered Lake Okeechobee stages during droughts, and increased Lake
Okeechobee triggered water restrictions in the Lower East Coast Service Area.
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Removal of the South Miami-Dade reuse component reduced discharges to Biscayne
Bay and slightly increased locally triggered water restrictions in Lower East Coast
Service Area 3. Water deliveries from Lake Okeechobee in particular increased to
compensate for the removal of the reuse components.

Four Everglades Agricultural Area reservoir sensitivity scenarios were
developed and resulting performance was compared to that of Alternative D13-R.
Findings show that the 20,000 acre compartment dedicated to capturing Everglades
Agricultural Area runoff and meeting Everglades Agricultural Area irrigation needs
has a large region-wide benefit. The two-20,000 acre surge tank storage areas,
dedicated to capturing excess Lake Okeechobee water and meeting Everglades
water needs, are useful for reducing the dependence on Lake Okeechobee for
meeting Everglades water needs. The analysis revealed that the adverse system-
wide effects from removing the surge tanks were minimized by increased usage of
the Lake Okeechobee aquifer storage and recovery component.

Component uncertainty for the L-31N Seepage Management results from
concern regarding the effectiveness and feasibility of the levee seepage barrier and
resulting downstream impacts and the ability of pumping technology to seasonally
manage groundwater seepage. This sensitivity analysis was not modeled, however,
the modeling results of the removal of the Central Lake Belt Storage Area and its
perimeter seepage barrier could be extrapolated for general analysis. Wet season,
groundwater seepage would be expected to raise the L-31N Borrow Canal levels,
increase groundwater levels east of L-31N, flows to Biscayne Bay can be expected to
increase due to seepage, and stages and hydroperiods in Everglades National Park
west of L-31N can be expected to decrease.

7.3.4 Conclusions of Comprehensive Plan Formulation and Evaluation

The Restudy Team formulated and evaluated 10 alternative plans and in
excess of 20 intermediate computer simulations (termed scenarios) that culminated
in the selection of Alternative D-13R as the Initial Draft Plan. This plan was then
further evaluated by identifying components that have a high degree of uncertainty
and analyzing the sensitivity of these features. The results of these analyses
suggest that Alternative D-13R, even with all of its uncertainties, is the plan that
best achieves the planning objectives. However, a number of components had yet to
be evaluated because they were outside the purview of the analytical tools being
used to evaluate the alternative plans. Therefore, a subsequent analysis was
initiated to evaluate these components, which the Restudy Team termed Other
Project Elements.
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7.4 OTHER PROJECT ELEMENTS

During the iterative plan formulation process, it became apparent that some
components could not be evaluated using the South Florida Management Model
because either they were outside the boundary of the model or they were too small
to be simulated at the scale of the model. These components were termed Other
Project Elements (OPEs) and underwent a separate evaluation (See Appendix A,
Section 6).

An initial list of Other Project Elements was developed by the Restudy Team
from a number of sources including: the Critical Projects, the Restudy Plan
Formulation document, and new proposals from Restudy Team members.

The Water Resources Development Act (WRDA) of 1996 authorizes the
Secretary of the Army, subject to specific criteria, to proceed expeditiously with the
implementation of restoration projects that are deemed critical to the restoration of
the south Florida ecosystem (see Appendix AS5). These projects were termed
“Critical Projects.” This authority resulted in an expedited study to identify projects
that would meet the criteria set forth in the authorizing legislation. A total of 35
projects were nominated as Critical Projects under this authority. However, the
cumulative cost estimate for these projects exceeded the legislatively mandated
limit. Therefore, it is anticipated that only a fraction of the projects will actually be
implemented under the Critical Projects authority. Hence, to ensure that all of
these projects received full consideration, the Restudy included the Critical Projects
that had not yet been approved for construction in its planning process. Some of
these Critical Projects are included in alternative plans such as the C-4 Divide
Structure. The remainder of the Critical Projects were considered in thi